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Objective: To evaluate, compare and identify the surgical technique with best results for
treating intra-articular calcaneal fractures, taking into account postoperative outcomes,
complications and scoring in the Aofas questionnaire.
Methods: This was a retrospective study on 54 patients with fractures of the calcaneus
who underwent surgery between 2002 and 2012 by means of the following techniques: (1)
open reduction with extended L-shaped lateral incision and ﬁxation with double-H plate of
3.5  mm; (2) open reduction with minimal incision lateral approach and percutaneous ﬁxa-
tion  with wires and screws; and (3) open reduction with minimal incision lateral approach
and ﬁxation with adjustable monoplanar external ﬁxator.
Results: Patients treated using a lateral approach, with ﬁxation using a plate had a mean
Aofas score of 76 points; those treated through a minimal incision lateral approach with
screw  and wire ﬁxation had a mean score of 71 points; and those treated through a mini-
mal  incision lateral approach with an external ﬁxator had a mean score of 75 points. The
three surgical techniques were shown to be effective for treating intra-articular calcaneal
fractures, without any evidence that any of the techniques being superior.
Conclusion: Intra-articular calcaneal fractures are complex and their treatment should be
individualized based on patient characteristics, type of fracture and the surgeon’s experi-
ence  with the surgical technique chosen.©  2016 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Ortopedia
e  Traumatologia. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
 Study conducted at the Service of Orthopedy and Traumatology, Hospital e Maternidade Celso Pierro, Pontifícia Universidade Católica
de  Campinas (PUC-Campinas), Campinas, SP, Brazil.
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http://dx.doi.org/10.1016/j.rboe.2016.04.002
2255-4971/© 2016 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Ortopedia e Traumatologia. This is an open
access  article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Estudo  comparativo  entre  três  técnicas  cirúrgicas  para  fraturas
intra-articulares  de  calcâneo:  reduc¸ão aberta  e  ﬁxac¸ão interna  com  placa,
ﬁxac¸ão  externa  e  minimamente  invasiva
Palavras-chave:
Calcâneo/lesões
Calcâneo/cirurgia
Estudo comparativo
r  e  s  u  m  o
Objetivo: Avaliar, comparar e identiﬁcar a técnica cirúrgica com melhor resultado para o
tratamento de fraturas intra-articulares do calcâneo, levando em considerac¸ão evoluc¸ão
pós-operatória, complicac¸ões e pontuac¸ão no questionário Aofas.
Métodos: Estudo retrospectivo de 54 pacientes com fraturas de calcâneo operados entre e
2002 e 2012 com as técnicas 1) reduc¸ão aberta com incisão lateral alargada em “L” e ﬁxac¸ão
com  placa duplo “H” de 3,5 mm, 2) reduc¸ão aberta por incisão lateral econômica e ﬁxac¸ão
percutânea com ﬁos e parafusos e 3) reduc¸ão aberta por incisão lateral econômica e ﬁxac¸ão
com  ﬁxador externo monoplanar regulável.
Resultados: Pacientes tratados pela via de acesso lateral e ﬁxac¸ão com placa tiveram média
de  76 pontos na escala Aofas, em pacientes tratados pela via de acesso lateral econômica
e  ﬁxac¸ão com ﬁos e parafuso a média foi de 71 e nos pacientes tratados com via de acesso
lateral e ﬁxador externo foi de 75 pontos. As três técnicas cirúrgicas demostraram-se efetivas
no  tratamento da fratura intra-articular do calcâneo, sem evidência de superioridade de uma
técnica sobre as demais.
Conclusão: : A fratura intra-articular do calcâneo é uma fratura complexa e seu tratamento
deve  ser individualizado, baseado nas características do paciente, no tipo de fratura e na
experiência do cirurgião com a técnica operatória escolhida.
© 2016 Publicado por Elsevier Editora Ltda. em nome de Sociedade Brasileira de
Ortopedia e Traumatologia. Este e´ um artigo Open Access sob uma licenc¸a CC BY-NC-ND
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around and posterior to the malleolus toward the basentroduction
alcaneal fractures correspond to approximately 1% to 2% of
ll the fractures of the human body and constitute nearly 60%
f tarsal bones fractures. They generally follow high-energy
xial traumas, such as fall from height or motor accidents.
According to the current literature, 60% to 75% of these
ractures are considered to be displaced and intra-articular,1–3
hich evidences the difﬁculty of the treatment. They can
ause great disability due to pain and chronic stiffness, in addi-
ion to hindfoot deformities. These fractures are characterized
linically by poor functional results due to their complexity.
Approximately 80% to 90% of the calcaneal fractures hap-
en in males between 21 and 40 years, mostly in industrial
orkers. Several authors4–7 have reported that the rehabilita-
ion of these fractures can take from nine months to several
ears, which implicates great economic burden on society.
Since the early 1980s, the treatment of choice for displaced
nd intra-articular calcaneal fractures was open reduction
ith internal ﬁxation; however, soft tissue complications,
uch as surgical dehiscence and infection, can occur in up to
0% of the patients.8–10
In an attempt to reduce complication rates, new surgical
echniques emerged, such as minimally invasive incision and
ercutaneous ﬁxation, which cause less injury to the tissues
nd reduce the incidence of soft tissue complications.10,11
Despite the modern surgical techniques and the con-
iderable number of studies in the literature,11–13 calcaneal
ractures and their best treatment method remain an enigma
or orthopedic surgeons.(http://creativecommons.org/licenses/by-nc-nd/4.0/).
This study aimed to assess, compare, and identify the sur-
gical technique with the best clinical functional result in the
treatment of displaced and intra-articular calcaneous frac-
ture, including (1) open reduction with extended L-shaped
lateral incision and ﬁxation with 3.5-mm double-H plate; (2)
open reduction with minimal incision lateral approach and
percutaneous ﬁxation with wires and screws; and (3) open
reduction with minimal incision lateral approach and ﬁxation
with adjustable monoplanar external ﬁxator.
Material  and  methods
The study protocol was approved by the Research Ethics Com-
mittee under No. 064/11.
This was a retrospective study that analyzed the medical
charts of 54 patients with 60 calcaneal fractures, operated on
between 2002 and 2012, in an university hospital in Campi-
nas, SP, Brazil, by a single orthopedic surgeon (foot-and-ankle
specialist). The inclusion criteria comprised skeletally mature
individuals with deviated intra-articular calcaneal fractures
classiﬁed as Sanders type II and III,  who were operated on
with one of the following surgical techniques:
1. Conventional lateral surgical access plus ﬁxation with a 3.5-
mm implant: incision between the ﬁbula and calcaneus
tendon beginning above the lateral malleolus, extendedof the V metatarsal. The sural nerve is identiﬁed and
protected. The calcaneoﬁbular ligament is detached from
its calcaneous insertion and, along with the dislocated
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Fig. 1 – Wide lateral approach as described by Seligson (A); reduction of the fracture by direct visualization with periosteum
elevator (B); temporary ﬁxation of the reduction with Kirschner 1.6 wire  (C); internal ﬁxation with 3.5-mm calcaneus plate
(D).
Fig. 2 – Example of dislpaced intra-articular calcaneal fracture, classiﬁed as Sanders II and treated with open reduction and
internal ﬁxation. (A) Anteroposterior X-ray of the calcaneus; (B) axial X-ray of the calcaneus; (C) coronal plane CT-scan; (D)
post-operative result.
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F ncision lateral approach and ﬁxation with pins and screws. (A)
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Table 1 – Patients operated with each surgical technique.
Surgical technique Number of
patients
Number of
fractures
L-shaped incision and plate
ﬁxation
20  23
Lateral mini-incision and ﬁxation 27 27ig. 3 – Example of calcaneal fracture treated with minimal i
inimal incision lateral approach; (B and C) post-operative r
ﬁbularis tendons, it is pushed out anteriorly to exhibit the
lateral aspect of the calcaneus and the calcaneocuboid and
subtalar joints. The fracture is then reduced and ﬁxed with
a 3.5-mm calcaneus implant (Figs. 1 and 2).
. Mini-incision and ﬁxation with threads and screws: lateral
3- to 5-cm incision directly above the tarsal sinus. Divulsion
of the soft tissues, paying careful attention to the ﬁbularis
tendons. The joint fracture is reduced using delicate ﬁne-
tip chisels. A temporary ﬁxation is performed using 1.6-mm
Kirschner wires  in the fragments, for maintenance of the
reduction, and deﬁnite ﬁxation is achieved with cannulated
3.5- or 4.5-mm screws (Fig. 3).
. Mini-incision and monoplanar external ﬁxator: lateral 3–5-
cm incision directly above the tarsal sinus. Divulsion of
the soft tissues, paying careful attention to the ﬁbularis
tendons and the sural nerve. The joint fracture is reduced
using delicate ﬁne-tip chisels. A temporary ﬁxation is per-
formed using 1.6-mm Kirschner wires in the fragments,
for maintenance of the reduction. Two Schanz pins are
inserted in the calcaneus below the joint surface of the sub-
talar region, two pins are inserted in the posterior region of
the calcaneus and, ﬁnally, two pins are inserted in the ante-
rior region. The external ﬁxator is blocked. Then the main
and vertical rails are distracted until proper reduction is
visualized under ﬂuoroscopy (Fig. 4).
Post-operatively, early mobilization of the ankle and sub-
alar joints is stimulated in the ﬁrst post-operative week. The
utures are removed two weeks after the surgery. For patients
perated with the external ﬁxation technique, partial load is
nitiated after four weeks; total load starts at eight weeks,with threads and screws
Adjustable monoplanar ﬁxator 7 10
together with the removal of the ﬁxator. In other techniques,
partial load is initiated in the eighth post-operative week. All
patients undergo post-operative outpatient follow-up for at
least two years.
Skeletally immature patients, those with calcaneal frac-
tures classiﬁed as Sanders types I and IV,  and those who  had
undergone prior foot surgery were not included.
Procedures
From 2002 to 2012, 54 patients (60 fractures) underwent
surgery, and one of the three surgical techniques was ran-
domly chosen: (1) open reduction with extended L-shaped
lateral incision and ﬁxation with double-H plate of 3.5 mm,
without bone graft, totaling 20 patients and 23 calcaneal
fractures; (2) minimal incision lateral approach and minimal
ﬁxation focused in the subtalar joint, performed only with
wires and screws (27 patients and 27 calcaneus fractures);
and (3) minimal incision lateral approach and ﬁxation with
adjustable monoplanar external ﬁxator, in seven patients and
ten calcaneal fractures (Table 1).
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teralFig. 4 – Example of fracture treated with minimal incision la
Bilateral X-rays in lateral and axial views were taken preop-
eratively, as well as in the immediate and late post-operative.
The Böhler and Gissane angles were measured. The patients
responded to the American Orthopedic Foot and Ankle Society
(AOFAS)14 and Johnson15 questionnaires, and early and late
surgical complications were also recorded. The AOFAS ques-
tionnaire measures the subjective scale of pain, foot function,
and the alignment of the foot and ankle, with the following
variables: level of activity (basic or recreational), walked dis-
tance, ability to walk in different surfaces, gait abnormality,
foot and hindfoot motion (ﬂexion-extension and inversion-
eversion), and ankle hindfoot stability.
Johnson’s questionnaire assesses complications and sub-
jective satisfaction of the patient: completely satisﬁed,
satisﬁed with minimal restrictions, satisﬁed with high restric-
tions, and dissatisﬁed.
The goal was to assess which of the following surgical tech-
niques presented the best result in the treatment of displaced
and intra-articular calcaneous fracture: L-shaped lateral inci-
sion and ﬁxation with plate; mini-lateral incision and ﬁxation
with wires  and screws; and adjustable monoplanar ﬁxator.
The Student’s t-test for comparison of means, with unknown
and different variances, was used for each pair of methods.
Thus, the following were compared: (1) if the L-shaped
lateral incision and ﬁxation with plate was equal to the mini-
lateral incision and ﬁxation with wires and screws; (2) if the
L-shaped lateral incision and ﬁxation with plate was equal to
the adjustable monoplanar ﬁxator; and (3) if the mini-lateral
incision and ﬁxation with wires and screws was equal to the
adjustable monoplanar ﬁxator. The answes for the AOFAS
questionnaire from each patient comprised the collected data. approach and ﬁxation with monoplanar external ﬁxator.
Results
Of 20 patients treated by lateral access route with plate ﬁxa-
tion, 16 walked without restrictions (80%), two  limped (10%),
and two needed crutches (10%). The mean score of 76 (range:
62 to 94) was obtained in the AOFAS scale, in which excel-
lent results range from 90 to 100 points. Good results range
from 80 to 89; regular, from 70 to 79; and bad, below 69. The
mean post-operative Böhler angle was 22◦ (range: 12 to 32◦)
and the mean Gissane angle was 129◦ (range: 100 to 132◦); nor-
mal  values range from 20◦ and 40◦ for the ﬁrst angle, and are
approximately 100◦ for the second.16
Of the 27 patients treated with minimal incision lateral
approach and minimal ﬁxation, 24 walked without limita-
tions, two limped, and one needed crutches. All patients
presented difﬁculty to walk in uneven terrain. The mean
AOFAS score was 71 points (range: 60 to 90). The mean post-
operative Böhler angle in these patients was 18◦ (range: 6 to
40◦) and the mean Gissane angle was 88◦ (range: 76 to 102◦).
Of the seven patients who were treated with minimal inci-
sion lateral approach and external ﬁxation, six walked without
limitations and one presented limping. The mean AOFAS score
was  75 points (range: 63 to 87). The mean post-operative Böh-
ler angle was 17.8◦ (range: 0 to 32◦) and the mean Gissane angle
was 103◦(range: 100 to 126◦).
At the signiﬁcance level of 5%, it can be concluded that
there was no difference among the three types of treatment,
since the p-value for the three comparisons was always above
0.05. That indicates that there is no statistical difference
among the treatments (Table 2).
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Table 2 – Results from the statistical analysis.
tobs t-tab p-value v
Comparing
L-shaped incision and plate ﬁxation 0.77  −2.02 0.44 39.54
Lateral mini-incision and ﬁxation with pins and screws
Comparing
Lateral mini-incision and ﬁxation with pins and screws −0.53 −2.19 0.61 11.41
Adjustable monoplanar ﬁxator
Comparing
0.12 −2.14 0.90 14.07
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Table 3 – Results from the AOFAS scale.
Surgical technique/AOFAS Mean Variation
L-shaped incision and plate
ﬁxation
76 62–94
Minimal incision lateral
approachwith pins and
screws
71 60–90L-shaped incision and plate ﬁxation
Adjustable monoplanar ﬁxator
iscussion
he complex calcaneus anatomy, its spongy bone structure
ith thin cortical, articular and displaced fractures, high-
nergy trauma, and little soft tissue coverage contribute to the
ifﬁculty in handling its fractures.17–19
In developed countries, most of the displaced intra-
rticular calcaneal fractures are treated by means of open
eduction via lateral approach and ﬁxation with plate and 3.5-
m screw. This technique offers good visualization of the
racture, at the cost of greater damage to the soft tissues,
hich increases the risk of necrosis, surgical dehiscence, and
nfection. Thus, several surgeons have been searching for min-
mally invasive surgical techniques with less damage to the
oft tissues.20,21
In the group assessed, most patients were males at working
ge (mean of 40 years) and all cases had axial trauma due to
all from height as the trauma mechanism.
In the analysis of the radiographic results of the Bohler
nd Gissane angle measurements, it was observed that in the
pen reduction with plate and ﬁxation with plate and screws
nd in the open reduction (minimal incision) with percuta-
eous ﬁxation groups, it was possible to restore the angles in
00% of the cases, whereas in the open reduction (minimal
ncision) with adjustable monoplanar external ﬁxator group
t was only possible to restore the Bohler angle in 40% of the
ases. Meanwhile, all values for the Gissane angle were around
he reference value. There can be a small variance in measur-
ng these angles, as small rotations during the radiographic
xamination may inﬂuence the obtained values, and also due
o the precision of the goniometer used. Nevertheless, these
easurements were standardized and performed by an expe-
ienced professional.
According to the Johnson score, no patient was shown to
e completely satisﬁed nor completely dissatisﬁed with any
f the used techniques. This can be considered a positive fact,
ue to the typical clinical evolution of calcaneal fractures.
As for the AOFAS questionnaire, it was observed that
egarding the minimally invasive technique with percuta-
eous ﬁxation, 7.4% of the patients presented excellent
esults; 51.8%, good; 29.6%, fair; and only 11.1% of the results
ere considered poor. Regarding the minimally invasive tech-
ique with external ﬁxation (monoplanar adjustable ﬁxator),
he questionnaire results appointed 20% good results; 60%,
air; and 20%, poor. In the literature, good and excellent
esults can vary between 42% and 62% with the conventionalAdjustable monoplanar
ﬁxator
75  63–87
technique of open reduction and ﬁxation using plate and
screws. This demonstrates an advantage of the mini-open
reduction with percutaneous ﬁxation comparing to the other
techniques, as it presented 65.2% good and excellent results,
which was above the observed mean (Table 3).
Regarding the complications, a topic of high relevance for
the choice of the deﬁnite treatment, the present study demon-
strated that in the group treated with mini-open reduction and
percutaneous ﬁxation, there were no soft tissue complications
such as necrosis, dehiscence, tendinitis, or nervous injuries,
which can reach from 27% to 33% of the cases in the literature.
In the external ﬁxation with adjustable monoplanar ﬁxator
group, one patient (14.2%) presented soft tissue infection. In
the group treated with the conventional technique of open
reduction and ﬁxation with plate and screws, four patients
(20%) presented the following complications: infection (25%),
skin necrosis (50%), and sural nerve neuroma (25%).
The literature indicates that approximately 80% of the
patients who undergo the conventional surgical technique
return to work.22,23 The present study demonstrated that, with
the minimally invasive technique and percutaneous ﬁxation,
all patients returned to their work activities. Of the patients
treated with the conventional technique, 100% returned to
their work activities; however, 50% of them resumed different
activities.
The discrepancy found in the literature between the results
obtained with the conventional technique of L-shaped access
and the minimally invasive techniques may be explained by
the fact that the latter causes less morbidity, since they are
less aggressive causing less soft tissues damage.
There is no universal treatment or surgical approach to
all displaced intra-articular calcaneal fractures. The choice
of treatment must be based on the characteristics of the
patient and on the type of fracture. The type of fracture,
degree of displacement, and subtalar incongruence are impor-
tant indicators, as well as the condition of the soft tissues,
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the physical and mental state of the patient, and the pres-
ence of comorbidities, such as smoking and diabetes mellitus,
which directly inﬂuence the healing process and can increase
the risk of surgical complications. The literature shows that
the learning curve for the treatment with open reduction
and ﬁxation for displaced intra-articular calcaneus fractures
is around 35–50 surgeries.24 Therefore, the surgeon’s experi-
ence must also be considered when deciding the best surgical
technique.
Conclusions
In the face of an international discussion about the effec-
tiveness of minimally invasive technique, this study proved
the efﬁciency of such techniques and demonstrated that, in
addition to that, they are correlated with lower morbidity
and better quality of life of the patients, ﬁndings that have
already been observed in the literature. However, the present
study did not demonstrate a statistical superiority of the min-
imally invasive technique with percutaneous ﬁxation over the
other techniques. Studies with a higher number of patients are
needed, considering the small number of randomized studies
comparing these techniques.
Conﬂicts  of  interest
The authors declare no conﬂicts of interest.
 e  f  e  r  e  n  c  e  s
1. Sanders R. Displaced intra-articular fractures of the
calcaneus. J Bone Joint Surg Am. 2000;82(2):225–50.
2. Besch L, Schmidt I, Mueller M, Daniels-Wredenhagen M,
Hilgert RE, Varoga D, et al. A biomechanical evaluation to
optimize the conﬁguration of a hinged external ﬁxator for the
primary treatment of severely displaced intraarticular
calcaneus fractures with soft tissue damage. J Foot Ankle
Surg. 2008;47(1):26–33.
3. Geel CW, Flemister AS Jr. Standardized treatment of
intraarticular calcaneal fractures using an oblique lateral
incision and no bone graft. J Trauma. 2001;50(6):1083–9.
4. Kinner BJ, Best R, Falk K, Thon KP. Is there a reliable outcome
measurement for displaced intra-articular calcaneal
fractures? J Trauma. 2002;53(6):1094–101.
5. Phipp E. Intra-articular fractures of the calcaneum: why such
controversy? Injury. 1997;28(4):247–59.
6. Roukis TS, Wünschel M, Lutz HP, Kirschner P, Zgonis T.
Treatment of displaced intra-articular calcaneal fractures
with triangular tube-to-bar external ﬁxation: long-term
2
21 6;5 1(3):254–260
clinical follow-up and radiographic analysis. Clin Podiatr Med
Surg. 2008;25(2):285–99.
7. Ali AM, Elsaied MA, Elmoghazy N. Management of calcaneal
fractures using the Ilizarov external ﬁxator. Acta Orthop Belg.
2009;75(1):51–6.
8. Oznur A, Komurcu M, Marangoz S, Tasatan E, Alparslan M,
Atesalp AS. A new perspective on management of open
calcaneus fractures. Int Orthop. 2008;32(6):785–90.
9. Huang P, Huang H, Chen TB, Chen JC, Lin YK, Cheng YM,  et al.
Open reduction and internal ﬁxation of displaced
intra-articular fractures of the calcaneus. J Trauma.
2002;52(5):946–50.
0. Barla J, Buckley R, McComarck R, Pate G, Leighton R, Petrie D,
et al. Displaced intra-articular calcaneal fractures: long-term
outcome in women. Foot Ankle Int. 2004;25(12):853–6.
1. Westphal T, Piatek S, Halm J-P, Schubert S, Winckler S.
Outcome of surgically treated intraarticular calcaneus
fractures–SF-36 compared with Aofas and MFS. Acta Orthop
Scand. 2004;75(6):750–5.
2. Besch L, Waldschmidt JS, Daniels-Wredenhagen M, Varoga D,
Mueller M, Hilgert RE, et al. The treatment of intra-articular
calcaneus fractures with severe soft tissue damage with a
hinged external ﬁxator or internal stabilization: long-term
results. J Foot Ankle Surg. 2010;49(1):8–15.
3. Barei D, Bellabarba C, Sangeorzean B, Benirschke S. Fractures
of  the calcaneus. Orthop Clin North Am. 2002;33(1):263–85.
4. Sanders R, Gregory P. Operative treatment of intra-articular
fractures of the calcaneus. Orthop Clin North Am.
1995;26(2):203–14.
5. Bucholz RW, Heckman JD. Rockwood e Green. Fraturas em
adultos. 5 ed. São Paulo: Manole; 2006.
6. Monsey R, Levine B, Trevino S, Kristiansen T. Operative
treatment of acute displaced intra-articular calcaneus
fractures. Foot Ankle Int. 1995;16(2):57–63.
7. Rammelt S, Amlang M, Barthel S, Zwipp H.
Minimally-invasive treatment of calcaneal fractures. Injury.
2004;35 Suppl. 2:SB55–63.
8. Asik M, Sen C. Surgical management of intraarticular
fractures of the calcaneus. Arch Orthop Trauma Surg.
2002;122(6):354–9.
9. Murachovsky J, Martinelli M, Ferreira RC, Fonseca Filho F.
Fratura articular do calcâneo: resultado clínico e funcional do
tratamento cirúrgico. Rev Bras Ortop. 2000;35(8):314–24.
0. Burdeaux BD. Fractures of the calcaneus: open reduction and
internal ﬁxations from the medial side: a 21-year prospective
study. Foot Ankle Int. 1997;18(11):685–92.
1. Zwipp H, Rammelt S, Barthel S. Calcaneal fractures–open
reduction and internal ﬁxation (ORIF). Injury. 2004;35 Suppl.
2:SB46–54.
2. Dooley P, Buckley R, Tough S, McComarck B, Pate G, Leighton
R,  et al. Bilateral calcaneal fractures: operative versus
nonoperative treatment. Foot Ankle Int. 2004;25(2):47–52.3. Lim EVA, Leung JP. Complications of intraarticular calcaneal
fractures. Clin Orthop. 2001;(391):7–16.
4. Paul M, Peter R, Hofmeyer P. Fractures of the calcaneum. J
Bone Joint Surg Br. 2004;86(8):1142–5.
